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Abstract 

Ihis repot c simnarizes the reference cc-icep- 
tual design of the Qigineering Test Fajility 
(CTF), a prototype 200 Mje coal-fired electric 
generating plant designed to deDOonstrate the 
comnercial feasibility of open cycle MHD. Main 
elements of the design are identified and 
explained, and the rationale behind them is 
reviewed. Naj^r systans and plant facilities are 
listed and discussed. The report also presents 
t'or.struction cost and schedule estimates, and 
ioen.'ifies the engineering issues that should be 
reexani'ned. 

Introduction 

The MHD Qigineering Test Facility (ETIT) 
Project is a major elesent in the DOE progron to 
desionstrate the coomercial readiness of IW/steon 
power generation systans. Its objective is to 
design, conbtruct, and operate an ETF by provid- 
ing a prototype of an early conmercial Mlfl)- 
topping/steam-bottODiing powerplant. The project 
is in the design definition phase which will end 
when a contract is awarded for design and 
construction. This paper simnarizes tlie forth- 
coming Conceptual Design Engineering Report 
iCDER) , which completes one element of the design 
definition. The CDEH develops and elaborates on 
the previously reported design concept^ >2 which 
was based on a variety of preliminary system 
engineering studies said component design studies. 

This ETTF conceptual design is distinct frem 
other reported design studies of powerplants 
in that it is intended to be a reference design 
for the MHD Progran and be representative of the 
potential which is inhe.-b."C in the engineering 
under development. Tt does not explore new con- 
cepcs, but docunenls in detail a design incor- 
porating the best features of the other studies. 
Designs of components, not currently available 
from vendors, were restricted to those under 
active development in DOE programs having 
schedules consistent with the ETF schedule. 

These components include the coal cembustor, MiD 
channel, diffuser, power inverter, superconduct- 
ing magnet, and the heat and seed recovery 
boiler. Designs of these cemponents were pre- 
pared in collaboration with the organizaticxis 


responsible for their development. Design 
requirenents for tne cemponents were prepared 
the ETF Project from overall plant requirements, 
but the performance requirements were leviewed 
with the other organizations, and interface 
requironents were coordinated between organiza- 
tions. An architect engineering firm integrated 
the resulting designs into a complete plant 
conforming to electric utility standards. 

A nunber of design decisions were made, in 
the course of pr ‘paring rhe conceptual design, 
on a oresimptive basis because an evaluaticm of 
the alternatives could not be made in a timely 
manner. Tttese decisions were recorded as 
"issues" to be reviewed after the completion of 
the design; the Issues section of this paper 
contains a partial listing of them. 

The design process imposes arbitrary deci- 
sions on a variety of issues that must ultimately 
be resolved by the MW development programs. 
Selection of component designs and their features 
for incorporation in the CTF represents only the 
best judgement of the authors. 

Plant Design Simnary 

Ifie ETF conceptual design is for a self- 
sufficient, 200 MIe powerplant consisting of a 
coal -fired MHD topping cycle integrated with a 
steam botCcxning cyc.’e. Baseload is the primary 
mode oi operation, but it is capable of cycling 
and part-load (down to 73'il of full load) opera- 
tion. Performance of the plant, under comnercial 
power generation conditions, is expected to meet 
or surpass existing utility standards for operat- 
ing costs, plant availability, safety, and dura- 
bility. The plant is also expected to meet or 
surpass all applicable federal, state and local 
environmental regulations. 

Ibe ETF power sunnary^ is given in Table 1. 

At full load, 87 M/e gross power is generated by 
the MHD channel and 128 M/e gross power is gener- 
ated by the turbine generator. Plant auxiliaries 
require 12.8 M^e, leaving a net power generation 
of 202.2 Mie. Plant efficiency is 38.0%. This 
is a conservative value; subsequent studies 
predict inproved performance for both the MHD 
generator and the air separation plant which 
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wuulii iu.Ki to m oNNiruU iwt plmt •Cfictancy of 
30. 6X. During tost operation, a capacity factor 
ot 23 percent (2.000 operating hours a year) is 
expected, During coniierciai operation, however, 
cnis factor should improve to 6S percent. 


Table I 


Table 2 

Eff SYSTEM DESICW PWUMnTOS 


PLANT 

Rjwer 

Load range 
Effieiancy 
ItMnisl input 


(coal) 


Baseload 

202 Mfe VM 

LOO • 751 of raUng 

38.01 

532 flft 




FUEL 

Montana Rosebud Goal 

Mf) ElimiCAL raWQl! 


Moisture 

22.71 typical. 51 dry 

MQ DC pawer Output 

»7.l 

Ash 

6.71 typical 

Invercec/Transfotmsr Loss 

-2.6 

Sulfur 

0.651 typical 

MD AC Electrical Power Output 

“553 


8.920 Btu/lb, typical 

Size, pulverized 

701 through 200 mesh 

STEAM CYCLE ELECTOICAL POWER: Mi 


OXIDANT 
Oxygen content 

(^gtn enriched air 
301 by voluns 

Total Steon Shaft 

168.6 

Tsm^rature 

llOOOF 

Cycle Compressor 

-23.4 

A^ effieiancy 

221 Mih/ton equiva- 

ASU Compressor 
Boiler Feed Puip 

-12.3 

-2.6 

COAL COMBUSTOR 

lent pure oxygen 
IVio stage 

Net Shaft Pawer 

130.3 

Air /fuel aquiv. ratio 

0.90 

Turbogenerator Loss 

-2.3 

Thermal input (coal) 

532 Hit 

Electrical Pawer Output 

rz53 

Slsg rejection 
Discharge pressure 

651 

66.4 psia 
4,38(Pr 

GROSS PIANT EI£CmiCAL Oinwr: Mi 

212.5 

Discharge temperature 

AUXILIARY POWER REQUIREMENTS; Mi 

-10.2 

ME* CCNERATOR 

Diagonal ly -cunnec ted 
Faraday 

12. 1 m, active 
16. dm, overall 

NETT PLANT cLECmiCAL OUTPUT: Mi 

202.3 

(jiannel length 


The CTF conf ituration^, shown schonatically 
in Figure I, is similar to those of Che Urge 
early ccnmeccial MiD plant designs prepared 
Avco Everett Research Laboratory^ (AERL) and 
General Electric^ under contract to NASA. The 
ETF design pacameters are listed in Table 2. It 
has a single subsonic MiD power Crain which 
generates nearly half of Che total electric 
power. Tlie energy in die MHD exhaust generates 
steam in the heat and seed recovery boiler to 
produce additionj<l electric power and to drive 
the oxidant supply compressors. The oxidant is 
oxygen enricned air which is preheated to 
liOiP F using cne MHD exhaust. Oxygen is 
obtained from an hlgh-efticiency on-site air- 
separation plant. Seed reprocessing is assumed 
to be performed off-site in this design, but 
on-site capability may be added later. 

Although Che ETF design is similar to chose 
developed in studies of large conneicial plants, 
a nunber of paroneters are significantly differ- 
ent. AC EHT size, Che sceon bottoming cycle is 
predominant, and the efficient utilization of the 
relatively large amount of heat lost to the walls 
of Che MID con^ponents is critical. Ihese factors 
led to the selectionOi' of a lower oxygen 
enrichment (301 vs 351) and a shorter channel and 
magnet (12 m vs 17 m) chan did earlier studies. 
iV^rformance is maintained, but Che ETF is sim- 
pler, cheaper, and easier to build. 

Plant equipment was selected and/or designed 
to facilitate startups and shutdowns. Rates are 
established by the ccxiventional components such 
as the steam drun and turbine and are comparable 
to tnose of conventional plants. 


L/D, inlet 
Mach mmber 
Gross power output 
Diffuser pressure 
recovery factor 
Inverter type 
(Xirrent consolidation 

MAGtCr 
Peak field 
Length 


HEAT & SEED RECOVERY 

Radiant boiler 
NOx control 

Afterburner 

Ash recovery 
Convection pass 


ESP Efficiency 

SHAM POWER 
Conditions at turbine 

Condensor pressure 
(]ycle efficiency 


27.0 

0.90 constant 

87.1 M4e 
0.16 

Line conmutaced 
6 sources 

Rectangular saddle 
6 tesla 

12.1 m between 1 
tesla and 3. 5 tesla 
points 

Radiant boiler, con- 
vection pass and ESP 
Slagging 

2.2 sec residence 
above 2900°F 
Final air/fuel ratio 
- 1.05 
501 

Super and reheater, 
oxidant heeter, and 
H.T. econonizer 
99.61 capture 

Subcritical, reheat 
1815 psi/lOOOOF/ 
1(XXW 
2.0 in. Hg 
39.71 


Plant Site and Facilities 

Ibe ETF is designed for a hypothetical site 
typical of potential powcrplant sites in Montana. 
It is at an elevation of 3300 feet where the 
standard temperature and pressure are A2°F and 
13.0 psia. The site is relatively flat, with 
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good soil proport iM ond odoquoto lurfoco wilor 
■uppliei. 

The ET^ pionc it shown in Figuros 2 and 3 
and is dascribod in this soction. Sovsral oajor 
foci lit its aro dosignod to moot tho spocial 
roquiramsnts of an MiD/stoan conbinod-cyclo 
powor plant. 

WD Building 

The combustor, nozzle, channel, diffuaer, 
consolidation network, and magnet asssBiblies are 
located in the MS) Building shown in Figures 4 
and 5. Because high voltages and magnetic fields 
will be pretinc, access to the area will be 
restricted during operation. Iherefore, the 
placement of equipment and instrunsnts will 
require special attention to facilitate normal 
maintenance during operating periods. 

Equipment and euDsystems in this building 
are expected to be high maintenance items during 
the early phases of operation and require ready 
access. Cranes . hoists, and specialized tools 
and techniques will be used ;:o minimize repair 
and replacement time. 

1\irulne Generator Building 

The main power equipment of the stemn systam 
is located in this four level structure. Besides 
the main turbine generator, the building houses 
the main condenser, feedwater and booster pumps, 
electrical equipment, piping, cablets and the 
control complex. A traveling bridge cr^uie aer- 
vices the turbine hall area. 

HR/SR Building 

This buildir^ snelters Che boiler section of 
the HR/SR unit and provides access to Che equip- 
ment. Normal boiler enclosure practice is 
followed. 

Air and Oxidant Cempressor Building 

The oxidant and air-separat ion-unit (ASU) 
compressors reside in this building separated by 
concrete blast walla. Ihe ASU itself is located 
on an adjacent concrete slab. 

Inverter Building 

The inverter -bridge thyristor stacks, their 
smcx>ching reactors, and buswork are housed in 
this building and cx>led by a forced air system. 
It is a high voltage hazard area. The inverter 
transformers and filter capacitors are located 
outside. 

Control Complex 

Operation of cne plant is controlled and 
monitored from the main control room. It is 
designed to provide a safe evacuation zone in 
the event of plant malfunctions which could 
endanger operating perstxmel. 

Administration and Service Building 

This building contains offices, dispensary, 
study rooms, training area, lavatory facilities, 
cafeteria, meeting rooms, storage area, janitor- 
ial facilities, a^ a machine shop. 


Coal Hanolina and Prapatation 

Major conporianca of cha yard-coal-brndling 
facilitiaa inclk^ cwo 30-day compaccad pilaa of 
raw coal, chawing ahadi, unloading faciliciti, 
convayora, and bulldozara co prtpara and movt 
coal. Praparacion facilicita include buildlnga 
for coal pulwtrizing, drying, and faedlng. 

Oooliro Towara 

Iha plane uaea a coolit^ C me complax having 
eight mechenlcel-dreft, evaporative-cype cooling 
Cower celli. 

Other Fecllitiea 
ocher fecilicies include: 

1. Yard Seed and Slag Handling 

2. Chmnical Treatmant Buildings 

3. Wacar intake and Diachargt SCr jcCuraa 

4. Water Treatment Building 

5. Storage Areas 

6. Guard House 

7. Machine Shopa 

8. Shipping and Receiving 

9. Oil Storage and PmiDhouse 

10. Gas Turbine (Backup) Power Installation 
U. Auxiliary Boilar Building 

Oxidant Supply 

The systam aupplies pressurized oxidant, air 
enriched to 3Cn oxygen by volume, to the HR/SR 
where it is preheated en route to the coal com- 
ouscor. The oxidant is prepared by blending air 
with mediun purity (70%) oxygen produced in a 
cryogenic ASU. Its design is based on previously 
reported perfccmance and economic studieso.9 
and is nearly identical to Che blast fu^ce 
oxygen enrichment system at SchwelgemlO which 
has been operating reliably since 1973. The high 
efficiency of Che ETF unit results from the use 
of an A^ producing 70% oxygen, the use of an 
incooled axial-flow oxidant compressor instead of 
separate air and oxygen compressors, and th<i use 
of an intercooled aftercooled axial-radial com- 
pressor to supply air to the ASU. Steam turbines 
power the compressors. 

The oxidant supply incorporates several 
features for plant starts, testing, and relia- 
bility. It uses three 30% -capacity oxidant com- 
pressors. Unit 3 is driven by an electric motor 
to provide oxidant prior to the availability of 
steam. It also allows operation of the ASU 
while the plant is down by supplying air to the 
ASU via a bypass. On startup, this eliminates 
the several-day wait which would otherwise be 
required to cool the ASU. The system also 
provides for the manufacture and storage of 
liquid oxygen product which can be used during 
startup, peaking, and ASU maintenance periods. 

MHD Power Train 

The power train design is an assembly of com- 
ponent designs based on technology to be tested 
at the Component Development and Integration 
Facility (CDIF). The W<D generator (channel, 
diffuser and consolidation circuitry) is adapted 
from the 280 MJt CTF design prepared by AniL^l- 
(its channel is a scale up of the CDIF lAl 
channel) . The ETF channel is of the diagonally- 
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cuniwct«d Faraday cypa with harwall inaulatcv 
walla. It incorporatca tha following modifica- 
txona raccBEwndad by tha ABIL ttaff: 

1. Extanaion of tha alactroda atructura to 
ragiona of oagnatic lialda of laaa than 0.5 
toala to pravant alactrical aborting of tha 
Hall potantial, 

2. Raduction of alactroda a^piantation fron 100 
to 58 aloccrodaa/nttar. 

3. Addition of axtamal truaaaa to tha primary 
atructura, 

4. Proviaion of currant conaolidation batwaan 
tranavaraa anode aagnanta to limit fault 
powar diaaipaticin to approximataiy 1 Lw, 

5. Utilization of tha diffuaar for ataan ganara 
tion. 

Outlina diagrona and daaign paranetara for 
Che coal com> lator wara providad by tha HIW 
Defense and Space Syatama Grow, baaed on thair 
development work at 20 Wt. Irie canbuator ia 
a two-stage unit combining two firat-atage 
comoustors with one aeccmd -stage combustor. 
Combust ion gases from Che first -stage combustors 
spiral toward each other, turn through 90° as 
they merge into one stream, pass through the 
second-stage combustor, and discharge through 
Che nozzle to the MHD generator. The first- 
stage combustors gasify the coal and remove the 
coal ash as slag, while the second-stage com- 
pletes combustion and produces the plasma. This 
design provides 

1. relatively low neat loss and pressure drop, 

2. hi^ carbon utilization, 

3. effective slag rejection, and 

4. good operational characteristics, including 
rapid startup and shutdown. 

Magnet 

The superconducting magnet design, based 
on Che results of studies conducted by 
M 1 T/FB^ML^ 2 , incorporates copper -stabilized 
niobiun-cicanium coils in a rectangular saddle 
configuration similar to chose of the magnet 
being built by the General Electric Con^ny for 
the DOE COIF. Tne magnet has a Capered bore of 
rectangular cross-section, increasing in area 
Coward the downstreon end, and designed to 
accomodate the MHD channel, power takeoffs and 
cooling lines. A water-cooled warm bore liner 
protects tne magnet from loss -of -containment in 
the channel. magnet provides a 6 tesla peak 
magnetic field with a taper coward the down- 
strean end corresponding to the spread in the 
saddle coils required to accomodate the taper in 
Che warm bore. No racetracks or ocher special 
windings are used to shape Che field. 

The rectangular cross-section of the warm 
bore permits Che coil size to be determined by 
the size of the channel structure. The long 
axis of the rectangle is horizontal and parallel 
to the field direction, so that space for le:fds 
and cooling lines is provided on both sides of 


Che channel acructure without aneroaching on 
space required for the coils. 

The overall nainst system is sn int^rstion 
of ths siscnet essswly, ccyogenic support equip- 
msnt power eupply. protection end control 
circ> cry, end vecuus pvBping equipoant. The 
Dsgnu.; is provided with tracks and rollers to 
snabls it to be rolled 34 feet to the side to 
permit channel cherq^aout. 

Heat Recovery /Seed Recovery 

Gss discharges from the (If) powsr train at 
shout 3500° F. Its energy is utilized by the 
for Steen generation end oxidant preheat. 
Se^ recovsry and amissions control ere also 
scccmplished in ths HR/SR. lbs major componsnts 
of ths W./SR are the Boiler end r.he electro- 
acetic precipitator (ESP) and its design la 
baasd on concsptual dtaign atudisa by Babcwck 
and Wllcox*’3.l^, 

Boiler 

The boiler, ahown in Figure 6, ia a balanced- 
draft. subcritical, drun-type unit. It ia com- 
prised of a radiant boiler and s convection pass 
containing the auperheatar, rsheater, economizer, 
and MHD oxidant heater. 

todiant Boiler The radiant boiler is of cw- 
ventional mombrane-wall construction, formtd from 
vertical Cubes placed on close centers. The 
radiant boiler is divided into two sections, a 
refractory-lined lower sectiw where NOx is 
reduced, and a bare-meCrl upper sectiw where 
the combustion of the flue gas is conpleted 
(Afterburning). The refractory lining improves 
tUv reduction by limiting the gas cooling rate, 
ana reduces corrosion caused by the required 
reducing atmosphere. Afterbum air is added in 
Che upper section to make Che gas slightly oxi- 
di '.ing at a stoichiametry of 1.05. The slow rate 
of combustion plus high heat loss to Che bare 
metal walls prevents Che Caaq>eraCure from rising 
to levels at which NOx could reform. A slag 
tap at Che bottom of Che boiler removes 40 per- 
cent of Che slag carried over from the combustor. 

Superheater Stesm, formed in the boiler 
walls, is separated from the two phase mixture 
in Che boiler dnsn and superheated to 1005° F 
in a three seccioti superheater. Spray attanper- 
ation prevents over neat ing of Che steon. 

Reheater Gold reheat stean, discharged from 
the high-pressure turbine, is piped to a two 
section reheater for reheat to 1000°F. A spray 
attemperation unit prevents overheating of the 
steam. 

Oxidant Heater The oxidant heater is a gas- 
to-gas heat exchanger v;hich heats the oxidant 
discharged from the compressors to 1100° F. 
During startup, the oxidant is heated by an oil- 
fired vitiation heater which also serves to pre- 
heat the HR/SR and the turbines. 

High Temperature Economizer The high tan- 
perature economizer heats feedwater using the 
^«D exhaust gases. 
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El*ctr<Mitattc Pr«c i uit«tor (ESP) 

Tho ESP r«uv(M ‘)9.6% of Cht psrticuUCM 
(priMriiy ao«KO encrainod in ch« dlachargad 
iron cnt high tm^xatMf ocononizar. ‘ 

Sf a» ^war Systam 

Trw atam gwwracad in cha ISI/SR ^tomta a 
convancional turh^na ganarator tx. produca addi* 
tional plant alactclcal powar and powara Cut:binaa 
CO driva cha camraaaora and boilar faad piODa 
(BFP). 

Main and Rahaat Staaa 

Itia main atalm piping convaya ataam at 16l!i 
pai and lOCKPF to Cna high praaauca (HP) Cuc- 
bina. (Xld rahaat ataam from HP turbine axhauat 
ia rahaacad to 1005° F and directed to tha 
intarmadiatc praaaure (IP) turbine and to cha 
cotdpraaaor and BFP turbine drivaa. The ataam 
diacharge fron the IP turbine it expanded in the 
low pttiaaurc (LP) turbine and diacharged to the 
main condenaer. Attaniwracion in the cehaater 
is provided by ctw uae of feedwater fnm an 
inCereCoga bleed on the BFP, and in tbu auper- 
neater b> use of feedwater .^rom the K^P 
discharge. The main turbine generator is rated 
at 128,044 kW/lS3 kVA and ia hydrogen cooled. 

Steam Bypass and Startup 

This system bypasses the HP turbine 1:^ 
directing steam from the superheat .‘r header to 
the cold- reheat header, and bypasses the IP and 
LP turbirais by directing steam from the hot- 
reheat :i«.idec to the main condenaer. Attanpera- 
cion is provided for bcth the HP bypass steam 
and LP bypass steam by feedwater taken from the 
BFP discharge. Interlocks prevent steam bypass- 
ing if water flow is interrupted. The main coi- 
denser is protected by pressure and temperature 
switches that close the bypass valve during 
abnormal operation. 

The HP bypass centred valves can be regulated 
during cold or warm startup to control generated 
steam pressure. Once steam flow ia established 
Chrougn the reheater, the turbine metal Ceopera- 
Cures can be increased at Che required rate. 

Extraction Steam 

Stean is extracted from Che main turbine 
cycle at four stage points and used for feedwater 
heating. 

Condensate 

Exhaust steam from the LP turbine and the 
BFP turbine drives is condensed in the main 
condenser. Steam from the compressor -drive 
turbines is condensed in individual condensers. 
The condensate drains to the main condenser. 
Condensate is pumped from Che main condenser 
hocweli and is utilized for cooling in Ciw 
steam-seal exhauster. Condensate quality is 
maintained by passing throi^h a full flow 
demineralizer prior to entering a deaerating 
feedwater heater. 

Boiler Feedwater 

Boiler feedwater is punped from deaerat.. 


■tor^ CO cha cooUpg pushes of che ND chan- 
nel. Ic Chen cooU mouc one chird of Cha gaa 
laaving cha ESP in cha low CaoiwraCura 
aconcnizac, and afear baing railed co boilar 
praaauca by cha BFP, puses chrough chree acagea 
of faadwacar haacing. Finally iC ia uaad co 
Mol cha flua iih cha high caaapacacura 
aconomlzar and cool Cha Mf) cenbuacor bafora 
baing eonvarCad co acaan in Cha Ift/SA. 

Paadwacac Haacar Dripa 

Ihli ayacm niinCaina normal condmiaca 
lava La in cha faa^car htaCara and concrola flow 
of condanaaca Co cha daaaracor. An inporcanc 
function of chit ayacoiz ia to pravant wacac-slug 
•urgei from antarii^ cha cuebi^ blading icagas 
via cha axCraccion-ata«n piping Co Cha haaCera. 

Faedwacar-Hucar and MitcalUmaoua Draina, 

Vanta, and MUaYa 

Tbia ayacam draina and vanci Che faadwacar 
haatacs co cha main condenaar, and convays con- 
dan ;aca from miacallmaoua atam lint draina co 
the main condenser. 

Oondenstr Air lUenoval 

Non-condanaabla gaiaa arc exhausted from the 
main and auxiliary condanaare by attam-jet-air- 
eiectov and rotary -vacuun-punp tyatans which can 
be used singly or in parallel. 

Circulating Water 

Ibis system supplies cooling water to the 
main and auxiliary condensers to the compressor 
intercoolers and aftcrcoolers, and to the closed 
cycle heat exchangers. The returning water is 
cooled by the evaporative cooling towers. 

Auxiliary Systsms 

Auxiliary Steam 

Auxiliary boilers provide ^Co 270.000 
pounds pec hour of 113 psi, 350^ steam for 
plant heating and auxiliary services during 
plant startup and operation. 

Boiler Flue Gaa 

After particulates are removed from the 
boiler flue gas by the ESP, the flow is split 
into separate streams and used for 

1. coal drying and transport, 

2. coal (pressurized) injection, 

3. aftec^m air heating and dilution, and 

4. feedwater heating. 

Flue gas, after being used for coal drying 
and transport, is stripped of coal fines In the 
bag house, Ibe recemhined streams of flue gas 
are exhausted from the plant stack to the 
aemospnere by induction fans. Tbe boiler-flue- 

6 as system includes flue gas ducts from the 
oiler discharge chrough the l^P, che low tem- 
perature economizer, to exhaust to atnosphere. 

Coal Management 

AC baseload, the ETF requires processing of 
102 cons of coal pec hour which is delivered in 
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unit crainc. Itwra ara proviaiona Cor chawin§, 
duqpine, waighint, and eranaportii)g cha coal to 
acoraga btaikara. Exeaaa coal ia coa^Miecad in 
two 30 day capacity ator^Hta pilaa. OMl to ba 
firad ia cranaportad to activa atoraga in 
btjikara, waighad. and fad to cha pulvariz^ra. 

It ia chan pulvarizad to 70 parcant thrcygh 200 
maah, driad, and cranaportad to praaburikod 
lockhoppara flua gaa. Praaauriz^ flm gaa 
chan fluid izaa wid tranaporta tha pulvarizad 
coal through tha injaction linaa to Cha coai* 
buator. 


Saad Manaaaaant 


Naw potaaaiuD'Carbonata aaad (K^3> ia 
daiivarad to cha aita in aaalad rail cara and 
oDvai: CO a aaalad acoraga ailo. Raclainad 
aaad. primarily potaaaiun nulfata (K 2 SO 4 ), 
ia aimilarly loadad into a atoraga ailo with 


axcaaa aaad goii^i Co on-aita atoraga. Maaaurad 
•nounta of K 2 CD 3 and K 2 SOA ara trana- 
poi'tad through tha pulvarizing milla by an air 
Btraan. Cyclonaa than aaparata tha aaad from 
cha tranaport air and drop tha aaad into praaaur- 
izad lockhopparw. Saad ia injactad into cha com- 
buator by prasaurizad oxidant. 


SlaR Managamant 

A maximun of 14 cona of alag par hour gmer- 
atad >7 coal C'jmbuaCion ia ramovad by thia aya* 
c«n. The alag ranoval aquipnant ia designed for 
cha raoovai of 10 Cona per hour of alag from Che 
praaaurized coD^cor, 4 cons |»c hour of a alag 
cncough a tap in the boiler <non*preasurized), 
and Cha removal of particulataa from the ESP. 


power will ba available froai off*aita during 
startup, shutdown, or loaa of one utility line. 

It provides a amans of starting lane amtora 
which does not raflaec cha volti^a drop through 
tha antira diatrlbution systan. It fumishaa a 
protacciva relay nyscam, which isolates and 
Intarrupcs faults at all voltage levels with a 
Biiniaan disturbance. Bus intarconnaets provide 
sufficient station service cranafomar capacity 
CO amat cha total plant power raquiranants even 
if one of Cha ermsfomera fails, if power from 
cha ring bus ia lost, cha critical Lada are 
maintainac' autonatic start, self •synchronizing 
gaa turbine garerator units. The nose aaaantial 
plant aquipnant is serviced through a bypaaa 
a battary-powerad unintarruptibla supply. 

Plant Sarvicaa 


A number of convene ional plant sarvicaa ara 
required to au|^rc the ETF. 

Closed Cycle Ooolina Wat er 

The closed cycle cooling water systan cir* 
culatas cooled, traatad water throu^ a closed 
loop system to aquifment in the TXirbine- 
ganarator and Genpraaaor Buildings, the m/SR 
Building, and the NHD Building. Main equipment 
aarvicad includes: 

1 . IXirbogmieratoc hydrogen and oil coolers, 

2. Oondenaate. BFU and booster pui<)s, 

3. Pulverizer mills, 

4. Magnet wam*borc liner, 

5. Flue gas blowers and fan bearings, 

6 . AS) and conprcaaora. 


Electrical 

The electrical ayacem delivers the electrical 
power generated by ^ to the utility grid; dis- 
tributes power to the auxiliary systons for 
startup, shutdown, and normal operation; supplies 
emergency power to the CTF plant critical loads 
to allow an orderly emergency shutdown when 
normal power is lost; and provides a uninterrup- 
tible power supply for essential plant equipment 
(such as coo^uter, instninentation, and controls 
(lAC)). Unit synchronization is automatic with 
manual selects. 

The priomry load centers of ETTF are connected 
through a ring bus. These 138 kV load centers 
are, in order; 

1. The MiD power train, through the Inverter bus 
step-up transformer. 

2. First utility grid line. 

3. Service transformer for topping cycle auxili- 
ary loads, and the oxidant compressor motor 
transformer. 

4. Service transformer for bocteming plant 
loads, 

including coal management. 

5. Secemd utility grid line. 

6 . Steam turbe^enerator, throi^h its step-up 
transformer. 

The electrical systan configuration ensures that 


Plant Makeup Water 

The cooling towers arc the main users of 
plant makeup water, but other plant systems are 
also supplied. Sources for makeup sr<.’ a com- 
bination of coomercial supply and local ground 
water and streams. Storage tanks include a 
400, (XX) gallon unit for filtered water and 
fire-protection-water backup, and a 300, (XX) 
gallon unit for raw water. 

Sampling 

The sampling system collects, conditions, and 
analyzes water and steam samples for their rerti- 
nent chemical characteristics. Selected sanples 
are analyzed and their properties recorded on a 
continuous basis. 

Industrial Gas 

This systan provides plant service air and 
instrunent air fron a single header. Dry, clean 
and oil-free gases at 140 psi are also available 
throughout the plant for miscellaneous purposes. 

Fuel Oil 

The fuel oil systan provides storage and 
transport of fuel oil from the unloading area to 
the transfer tanks and supplies fuel oil to the 

1 . auxiliary and building boilers. 

2 . emergency power supply and fire punp, and 

3. vitiation air heater (for startup only). 
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Oil it ttortd in t Btin 040 thouMnd gallon 
ctpteicy ctnk, in individual baloir-grotaid 
Mtrgtncy ctnkt, and in day canica. 

Plant Induatrial Waata 

ina plant induatrial waata ayat«i eollaeta, 
acorwt, tranaftra. and procataaa, aa naadad. tha 
liquid and aanitary waataa ganaratad throMglMut 
tha plant. Raaultant affluant diachar|^ coqply 
with govarmantal and induatrial atandarda. 

Major aourcaa of waata art tha 

1 . coal pi la runoff, 

2. chinnay and air haatai waah, 

3. daotinaraliaar raganarativa waataa, 

4. building drfina, 

0 . waatawatar traatnant, 

6. fual oil araa runoff, 

7. plant yard drainaga, 

6. aanitary waata. 

Oil contaoiinacion waataa paat hrough ‘.aclaimar 
tanka. Sanitary waataa art traatad in tha 
aawage traatnant araa bafora diacharga. 

Fira Sarvica Water 

Fira aarvice watar providaa tha naana to 
detect and cooibat facility fires. In addition to 
water, atored in two aaparate tai^a, apacialitad 
fire auppreasion fluida and tachniquea are pro- 
vided. 

Domestic Sarvicea 

The supply and maintenance of potable watar 
and the disposal of aanitary waata are apacial- 
ized functions listed separately for aD|>haais. 
They are also included under the Plant- 
Industrial-Wastc and Plant -Makeup-Water ayatama. 

Heating. Ventilating and Air Conditionintt 

Services are provided for 

1. protection against freezing of water 
supplies, 

2 . comfortable working envirunnenta, 

3. dilution of odors. 

4. controlled environments for temperature- 
hunidity sensitive equipnent. 

Major load zones include the Administration, 
Coopressor, MHD, and Inverter Buildings; the 
Consolidation Area; and the Main-Control and 
Relay Rooms. 

Plant Costs 

Costing Procedure 

The cost estimate was prepared in the CTF 
code -of -account structure. It is basically the 
Federal Energy Regulatory OoDinisaion (FSIC) 
account structurs used by the Utility industry, 
modified to provide accounts for the MID equip- 
ment (No. 317). In addition to the principal 
accounts, coat categories of "Engineering" and 
"Ocher Costs" are included using factors speci- 
fied by DOE/MHD. 

Total cost is for overnight construction; 

i.e. escalation and allowance for funds duripg 


eanacruetlon are not included. Ooata arc in 
firac quarcar, 1961 dollara. 

Ooatioaliaaa 

aonvartim for coaca from ona ciaia pariod to 
anothar waa baaad on the Handy Whitman index, 
which ia cha Elaceric Utility oonatruccion indax, 
for cha Plataau Ragion. lacauia tha aubayscana 
of Account No. 317 art not includad in tha indax. 
aacalacion data la for Account No. 314, Turbo - 
ganarator Unite. Ovtr Cha laaC tan yaara, 
aquiponmt coaca in chat catagory hava ascalated 
at a conpoundad rata of 9.3 (wreant a yaar. 

Tha coat of conponanta a»i mater iala waa 
developed from the following; 

1. Vendor data • moat accurate. 

2. Refcrance coat • primarily fot high tadmol- 
ogy itama. For the major coat itama. the 
magnac, ASU. oxidant supply and m/Sl checka 
ware made and cloaa conpariaam with vendor 
eatimatca were obaervad. 

3. Analogoua coata - compaciacn with axiatirg 
powerplanc aubayatama afCeir acaling and nor- 
malizing to preamt dollara. 

4. Judgment - confined to minor effecta auch aa 
buildir^ conatructinn differ«Kca, pipir^ 
and alactricai cos^lexiCy and electrical mtd 
I&C quancitiea. 

Principal Account Values 

Total direct coats for the ETF are $316 
million. Individual aubayatama of oujor impact 

arc: 


Acct.l Deacriptlon Goat. $ 10^ 

312.1 Coal Handling & Proceaaing 13.7 

312.41 m/SR 33.3 

312.31 ESP 8.1 

314.1 Steal) Turbine Genarator 14.7 

315.3 Plant Control Equipment 11.0 

315.4 Bulk Cct>g»Jitiea 12.3 

317.1 Cembuation Equipment 13.3 

317.2 MK) Gmerator 9.4 

317.3 Magnet Syatam 53.5 

317.4 Conaolidation and Inveraion 11.1 

317.5 Oxidant Supply 11.4 

317.6 Seed Syatem 9.3 

317.7 ASU 21.1 


With aaaigned factora for "Engineering" and 
'^ther Goata", total plant coat for overnight 
construction is $350 million. 

Construction in Montana, rather than selec- 
tion of an average ('Middletown") U.S. site, 
would reduce direct ccsta by 6 percent. For 
completion in 1991, u'ing an illustrative 9 
percent for interest ai:vl escalation, the multi- 
plier would be 2.4. 

Confidence Levels 

Tolerance on costs were assuned to be a per- 
centage of assigned contingency factors. All 
tolerances, for a worst case assessment, were 
taken as positive. Estimated correlations were: 
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Oontingency % 

TDlerance X 

OMt Vilue. $ 10 

15 

4^ 10 

152.4 

20 

e 30 

40.8 

30 

♦ 50 

122.8 


Total uxinM syat« coUe«c« than would te 28 

? arcane with an expaetad rang* of arror baewaan 
0 and 18 par cane. Thia aquacaa to an additional 
$69 ai Ilian plant capital coal, for a wuciaan 
total capital coat of $409.9 *aillion and a wml^ 
can total plant c»at of $438. S alllion. 

Schadulaa 

Conatruction profilaa wara prapacad in tba 
fora of bar charta to apacifically includa eha 
phaaaa of: 

1. Praliminary duigp (DOE Titla I) 

2. Dafinieiva daaian (DOE Titla XI) 

3. Procuraaant, Fabrication, and Oonatruction 

4. Taatina (chackout) 

5. Oparatlona 

a. taae facility 
b. CCBOMrcial facility. 

Tha achadula includaa all taaka fron incap> 
cion of daaifo to oparation aa a cotraircial 
facility. Oonsiatant with atandard powarplant 
procadutaa. a (minua) yaar of aita aetivitiaa and 
anvironmantal impact analyaia in ahown pracading 
tha first at£ua of dasiggn. Praliaip:«ry daaign 
occuca for 2 1/2 yaara with magpar itubaystam 
design baing tha long-carm aubeyatam activity. 

Dafinieiva daaign axtanda to oionth !K}, but 
ica aarly atagaa procaada in parallal with pre.- 
liminary dasi^. Coal-managinanc . boilac>flua- 
gaa, and circulaiing-watar ayatama ara nnong 
thnaa raquiring tha longaat daaign parioda. 

Major itana for prccurament, fabrication, and 
conatruction ait i;he boilar aaaaoibly, turbine 
generator, canbuacor, channel, magnat, and Inver* 
ter tranafonnara. The boiler requirea axtenaiva 
on-sice conatruction: the turbine ganecator has a 
long manufacturing (.factory) acnedule. Schedu- 
ling of these major ayatama is well defined for 
powerplants. On the topping side, Che combustor 
system will be the first equipment activated, 
the magnet will require field fabrication and 
aasambly. This may require aaquenced construc- 
tion of Che adjacent atructurea to allow for 
handling equipment and laydown, the channel, 
the inverters, and auxiliary electrical 
equipment will require long-lead design and 
manufacturing times. 

Coordinated checkout is estimated at 11 
months before turnover of the plmic to Che 
Owner. The plant will go on stream at month 79. 
the test opera;:ional phase will Chen proceed for 
2 1/2 years beginning with six loxtCha of short 
duration runs at loads progressing to base 
load. During this period, l&C will be verified, 
subsystem "signature" data will be obtained, and 
in-service inspection techniques will be estab- 
lished. After Che remaining two years of opera- 
tional testing, including rm durations of at 
least 2000 hours, ccDinsrrifl operation will be 
initiated and continue for 27 1/2 years. 


JS2UM 

Saecion 5.1 of the (SOI ouclinM Che areae 
(iaaraa) which lack auffieiant dafinicion due to 
the davelopowital nature of tha project and aakaa 
rari— andationa Cor chair further atudy and 
tMoluCion. Soa ttt design faacuraa ware pra- 
aifl|«lvaly defined co allow tha teat of tha 
daaign to proceed. In anac of thaaa eaaaa. there 
waa awra chan one raaaonabla (^>proaeh which mc 
tha raquirManta, but no claar-cut overall advan- 
tage could bo diacernad for a given choice. 

Ttiiat aalactiona included: 

1. Seed raproeaaaing ia parforaod off-aita. 
rather than by eontruecing a procraaing 
facility within the RT. 

2. The m> channel la accaaaad for aarviea and 
raplacananc, breaking flow train rannaerione 
and rolling the nagnac Maaobly aaido aa a 
aimle unit. The alternative ia co rw>va 
the diffuaar. 

3. A high-affieiancy aidMonic charmal was 
■aloccad over the laaa-critical auparsonic 
design. 

4. lha ccDBrassora and plant auxiliariaa are 
driven tcaam turbines. Praliminary 
etudias by GAI indicate that the use of 
alactric motors may simplify the design mid 
incrasse efficiency semewhat. 

5. lha MHD charmal ia direct ;* cooUd by boilar 
feedwater. An isolated crviling loop for 
this syaCem would aimplity iMintwumca. 

6. Power is not genaratad in tha Irii^a mag- 
nacic fields at tha antranca and exit of tha 
charmal. 

7. Flue gas was selected over litrogon for dry- 
ing tha coal. 

Several design options were not incorporated 
because they required cemponents Chet are not 
under active development by DOC or were not 
available during the preparation of the design. 
Thasa include: 

1. The dcaign of the channel to provide e uni- 
form electrode current diitribution and 
thereby greatly simplify the current consol- 
idation network end the inverters. 

2. The use of regenerative cooling of the 
combustor by the incomim oxidant, thereby 
eliminating Che oxidant heater in the Hfl/SR 
and generally aimplifying Che pltmc. 

3. Ttw use of a split inamc design whose 
halves could be rolled apart to expose the 
channel for inspection m maincenanct.. The 
design may also reduce costs by raducit^ tha 
required size of the warm bore. 

Clone lus ions 

The ETF conceptual design integratea designs 
of Che MH> Power Train, the supercmucting mag- 
net, and the Hl/SR system with conventional power 
plant aysteott into a self-sufficient, coal-fired, 
200 M(e, MHD/steon powarplant which has an effi- 
ciency of ^.0% and an overnight construction 
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CMC of $3S0 ■UUon. AlctKMth ClicM arc 
«xcr«wly accractiv* valuM for a aub-aeala, 
tirac-of>a-kind plane, furenar iaprovaaani; can 
ba axpaccad froa cha Invaaclgaclon of a mater 
of daaign opciona which Mra idaneifiad durii^t 
cna prauiracian of cha daai|n. Thara wara no 
difficulciaa ancouncarad ii. confomini co cha 
froiiK* '■ula of uaing liy ccnponanc daaigM 
Cl Trent Jy jndar davalopownt by OOE. Thua, Cha 
nr coitcapCual daaian variflaa ChaC cha MT 
cachnolosy. currantly undar davalop* 

nanc. is Cha pocancial baaia oi an accracclva 
naxc ganaracion of alactric powarplanca. 
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